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NOTICE
The contents of this report reflect the views of the authors, who are responsible for the facts and the accuracy of the data presented herein. The contents do not necessarily reflect the official views and policies of the Indiana Department of Transportation or the Federal Highway Administration. The report does not constitute a standard, specification or regulation.
Introduction
The current and imminent revenue shortfall of the highway financing system, which is primarily based on motor fuel taxes, has been widely diagnosed both at the national and state levels. Under the current fuel-tax-based system, it is estimated that the shortfall would grow larger in the future, primarily because the current fuel tax rate is fixed per gallon while vehicle fuel economy is improving and the use of alternative fuels is increasing.
Findings
Models to estimate expected highway revenues from the existing sources, indicate that, if no change is made to the tax rate, fuel revenue will continue to decline.
The present study predicted fuel tax revenues from 2012 to 2025 under the existing fuel tax rate structure and also considered possible options for changes in fuel tax rates. Fuel tax revenue from existing rate structure indicated a continuous annual decrease from 2012 to 2025 by 2.96% to 3.49% in real terms. Adopting one of the four fuel tax rate modifications would provide additional short-term revenue for a variable number of years. A 1-cent increase would offset the decline in the total fuel tax revenue only for a year after which it will continually decline every year. A 3-cent increase would provide a substantial increase in revenue in the short term but will continually decline, however, the 2025 revenue from 3-cent increase would be a little higher than the 2012 revenue level. Both inflation indexing and an ad valorem tax would also provide substantial increase in fuel tax revenue.
Implementation
The study was conducted for the Finance Department of the Indiana Department of Transportation. It is expected that the results will be used for budgetary purposes. The current and imminent revenue shortfall of the highway financing system, which is primarily based on motor fuel taxes, has been widely diagnosed both at the national and state levels. Under the current fuel-taxbased system, it is estimated that the shortfall would grow larger in the future, primarily because the current fuel tax rate is fixed per gallon while vehicle fuel economy is improving and the use of alternative fuels is increasing. The growing funding gap lends urgency to the need for improving the current structure of the highway financing mechanism or for developing a new financing strategy that satisfactorily attain financerelated goals such as adequacy in revenue, efficiency of the highway system, equity between highway users, and technological and financial feasibility. In 2008, a JTRP study on alternatives to fuel tax by Oh and Sinha (1) investigated alternatives to the current fuel-tax-based state highway funding system, and examined several types of user charging schemes and developed a methodological framework for evaluating alternative user charging schemes. The most recent JTRP study on forecasting of highway revenues (2) Fuel tax rates and disbursement ratios are the prerogative of the legislature. Highway revenue sources are broadly disaggregated in the present study, as shown in Figure 2 .1. Fuel revenue (gasoline tax, special fuel tax, motor carrier surcharge tax (MCST), motor carrier fuel use tax (MCFUT) is estimated with prediction models for VMT and fleet fuel efficiency factors. Vehicle registration revenue includes registration, driving license and transfer fees and it is estimated from population and income models. Other revenues in the present study include international registration plan and permit fees.
FUEL TAX REVENUE

Vehicle Miles of Travel (VMT) Estimation
Vehicle miles of travel models were based on four independent variables; Indiana per capita income, gross state product, gross domestic product of the United States, in 2004 dollar and driving age population in Indiana. The data on VMT came from Indiana Department of Transportation while the data on gross state product and per capita income was from US Bureau of Economic Analysis (2) under the US Department of Commerce. Driving age population came from the Indiana Bureau of Motor Vehicles. Models developed were specific to six vehicle categories, automobiles, motorcycles, light duty trucks, single unit trucks, buses and combination trucks. The VMT equations are presented in Table 3 .1. To facilitate the prediction of VMT outcomes, input parameter models were developed for per capita income, Indiana's gross state product, and Indiana driving age population, as shown in Table 3 .2. For GDP projections, values projected by Global Insights (3) were used in order to be consistent with the practices of the Indiana DOT. The estimated input variables are presented in Table 3 .3 with the estimated VMT shown in Table 3 .4.
Estimation of Vehicle Fleet Fuel Efficiency
Estimation of on-the-road fleet fuel efficiency for vehicles was based on an age cohort survival approach. The age cohort survival approach involves three steps. The first step is the determination of the proportion of vehicles in each age cohort in a given year. The second step estimates the relative miles traveled by each age cohort within the year. The third step involves estimating fleet fuel efficiency for each vehicle age cohort based on the model year fuel efficiencies. For cars and light duty trucks the corporate average fuel economy (CAFE) standards were used as a basis for model year fuel efficiency values. However, because numerous studies have shown that actual observed vehicle fleet fuel efficiencies are roughly 20% less than CAFE values (see for example (5)), this study multiplies projected CAFE values by a factor of 0.8 to estimate actual fleet fuel efficiency. For combination trucks, single unit trucks and buses, published values from the Transportation Energy Data Book of the Oak Ridge National Laboratory were used (6) . A detailed discussion of this approach is given in earlier reports (2, 7) .
In order to illustrate the fleet fuel efficiency methodology, an estimation of automobile fleet fuel efficiency for a given year (2012) is illustrated in Table 3 .5. The i th age cohort is shown in Column (a) and the percentage VMT for each age cohort is in column (b). Total VMT estimated for automobile in 2012 based on automobile VMT equation in Table 3 .1 is in column (c). Calculation of automobile VMT for Table 3 .6. Annual fuel consumption was estimated by dividing VMT for each vehicle category by the respective estimated fleet fuel efficiency in that year. The amount of fuel consumed by automobiles, light duty trucks and motorcycles were considered 100% from gasoline, while 23% of single unit trucks and 4% of buses were considered to use gasoline. This assumption was based on the relative consumptions of these two fuel types by vehicle category in United States, as given in Table 3.5 of the 30th edition of the Transportation Energy Data Book (Davis et al., 2011) . Fuel consumed by commercial tractors was considered to be 100% special fuel (diesel). The volumes of consumption (in gallons) for different vehicle categories within the prediction period are shown in Table 3 .7. Predicted fuel tax revenues for gasoline tax, diesel tax, motor carrier fuel use tax (MCFUT), motor carrier surcharge tax (MCST) and total fuel tax revenue are presented in Tables 3.8 
REGISTRATION AND ''OTHER'' REVENUES
Registration models were grouped into passenger car, motorcycles, trucks, tractors, trailers (including semi-trailers) and miscellaneous (buses, special machinery, watercraft, driving licenses, title registrations miscellaneous items, recovery and recreational vehicles) as shown in Table 4 .1 and the predicted registration revenue is presented in Table 4 .2 and Figure 4 .1. The other revenues (international registration plan (IRP) and permit fee) models are shown in Table 4 .3 with the predicted other revenues presented in Table 4 .4 and Figure 4 .2. The historical registration and other revenue data came from Indiana Department of Transportation. Predicted percent of 2012 base year registration and other revenues are provided in the Appendix. The predicted total revenue by revenue type is presented in Table 4 .5 and Figure 4 .3. TruckReg: Number of trucks by weight registered in Indiana. The weight ranges from 7,000 lbs to 66,000 lbs and over. TractorReg: Number of tractors by weight (both farm and non-farm) registered in Indiana. The weight ranges from 20,000 lbs to 78,000 lbs and over. TrailerReg: Number of semi-trailers and trailers registered in Indiana. MCReg: Number of motorcycles registered in Indiana. MiscRegRev: Registration revenues from bus, titles, driving licenses, number of recovery and recreational vehicles, special machinery, watercrafts and other miscellaneous items registered in Indiana.
PCI: Per capita income in Indiana in 2004 dollars. GDP: Gross domestic product of the USA (in billions) in 2004 dollars. DAP: Driving age population in Indiana (population in the age group §16). 
PROJECTIONS UNDER POSSIBLE OPTIONS FOR CHANGES IN FUEL TAX RATES
The possible options for changes in fuel tax rates considered in the present study include: ad valorem tax on motor fuel, inflation indexing and 1-or 3-cent increase in fuel tax rate in 2013. The ad valorem tax on motor fuel was considered using the current fuel tax rates. In order to determine ad valorem taxes, three steps were followed:
Establish the current price per gallon of gasoline and diesel fuel.
Determine the ''pre-tax'' current price per gallon of gasoline by subtracting sales tax and all current pergallon taxes (federal and state fuel taxes).
Calculate a new ''Ad Valorem'' tax rate that would be the percentage tax needed to provide the same pergallon tax revenue as the current fixed state per-gallon taxes (currently 18 cents per gallon on gasoline, 16 cents per gallon on diesel, etc.).
Using this process, for gasoline, the ad valorem was computed by dividing current gasoline tax rate of 18 cents per gallon by the average annual ''pre-tax'' gasoline price in the year 2012. The computed percentage was 5.96% and it was approximated to be 6% ad valorem tax. For diesel, the ad valorem was computed by dividing the current diesel tax rate of 16 cents per gallon by the average annual ''pre-tax'' diesel price in year 2012. The computed percentage was 4.98% and it was approximated to be 5% ad valorem. The ad valorem tax for diesel and motor carrier fuel use tax were same because, both have the same current tax rates. For motor carrier surcharge tax, the ad valorem was computed to be 3.4%. In order to estimate fuel revenue, annual retail gasoline and diesel prices were considered to increase annually by 3%. Therefore, gasoline would have an ad valorem value of 18 cents per gallon in 2012 and 26.4 cents per gallon in 2025. For diesel, it would be 16 cents per gallon in 2012 and 23.5 cents per gallon in 2025 and this is same for motor carrier fuel use. For motor carrier surcharge, it would be 11 cents per gallon in 2012 and 16.1 cents in 2025. In order to implement this tax structure a ceiling and a floor for equivalent per gallon rate must be considered.
The next possible option is inflation indexing as a way to keep the real value of the expected revenue from eroding due to inflation. The consumer price index was used for adjusting gasoline tax rate and producer price index was used for diesel tax rate. The third possible option can be a 1-cent or 3-cent increase in the fuel tax rate in 2013. These are all possible options to consider in the near term. The estimated revenues from the four modifications to fuel tax revenue are presented in Tables 5.1 to 5.4. The percentage changes in fuel tax revenue if any of the four fuel tax rate modifications are adopted are shown in Table 5 .5. From the results, it can observed that adopting a 1-cent or 3-cent increase in gasoline and diesel tax rates would provide a 6 to 16 percent additional total fuel tax revenue in both years 2013 and 2025 while an ad valorem tax or inflation indexing of current fuel tax rates could provide substantial revenue during the period. A comparison of total revenues and total revenues from possible options for changes in fuel tax rates are presented in Figure 5 .4. The relatively high sensitivity of revenues with regard to fleet fuel efficiencies underscores the need to carefully consider new funding mechanisms in light of expecting increases in fleet efficiencies from CAFE standards and other economic forces.
CONCLUSIONS
The present study predicted fuel tax revenues from 2012 to 2025 under the existing fuel tax rate structure and also assessed possible options for changes in fuel tax rates. Four possible options were reviewed: an increase of 1 cent or 3 cents in the current gasoline and diesel tax rates, an ad valorem tax and inflation indexing of the current fuel tax rate.
Fuel tax revenue from existing rate structure indicated a continuous annual decrease from 2012 to 2025 by 2.96% to 3.49% in real terms. Adopting one of the four fuel tax rate modifications would provide additional short-term revenue for a variable number of years. A 1-cent increase would offset the decline in the total fuel tax revenue only for a year after which it will continually decline every year. A 3-cent increase would provide a substantial increase in revenue in the short term but will continually decline, however, the 2025 revenue from 3-cent increase would be a little higher than the 2012 revenue level. Both inflation indexing and an ad valorem tax would also provide substantial increase in fuel tax revenue. 
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